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i 1 -2 7 5 3 9 9 



Ht#£l] ^ttSj^ft#*ft^ft^^ft&^®^-^^*' 7 

^ © i/ - © # u - tfis yfcSP # & -e ft *ft ft £ 3t w 

[»#«2] ?SteMfre>ft#*fteftl8*e>ft"C l/--!f5&igaft5«$C© 

i/ - r w ^icsee a ft u - > 

- (D ^^l / -Hf^(Z) ; g-l/--tf5§fSSIi^^-eft J ?ft5§-&^ft^ U— if** 5 * 



¥#f*S*±KKtt&ft'£<'**»# 3 ® i * kit 2 iztmv^mfti'-yMl: 

{frU l/--^»3t95fwfeWSSffiJi»CT»-tt & ft -tft-?ft# 
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1 1—275399 

[i»#£8] fufa^ttb-ifffi^^- K^F8»««i:©rafctt, 

2 tela*® ip^ft b - if 

£ *l T V * 5 It 7 * ft 8 IC ta« <D 1/ - if Sit^-o 

[f#«10] IME#A;&#S»©*!HftJitf, AlGaAslCiotM 
$ *i T v > & 9 fCfB^tf) ^agfls U - if tt. 

^ 3 If #S 8 ICfB^CD^** U - if 3*?-. 

i {c|B«©*##;u-if^^o 

[S#ai3] Bufe#A*#M2&©*S\fi£rf>\ * 4x^*1, O.OSAmaTO 
tf 6o£lCfcoTH*il#£l 2(C|B«©^#^b-if*^-„ 

tirfey, ^(7)^#^l/-if*^•^cM-r-5^i®^#?:ffiiJ•r^»J:■^)^c^oTv^^, 

[000 1 ] 
[0 0 0 2] 
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iff 5p i 1 — 275399 

(COD) fcv03B*#*S£-*S. 

[0 0 0 3] 

T. U— U*3t©ffl»aBiS*«*»1-SCODAi«SS*-rS. 
[0 0 0 4] 

[0 0 0 5] 

r Applied Physics Lettersj % 6 0 #, IS 6 -Sf , 6 6 8 ~ 6 7 0 V 
(J.L.Mawstf,) tCJi. HI 1 {C^-tttffiHWT b^^^U-^^-^S^S 

1 T*f 5 y 5 2 fi itfiSttl 5 3 tf. J£$. ^MSJlTfc'J, ?SttM 5 3 

SB 5 4 152^5^*15 4 8. ag$M 5 4 b, « 2 5 y KM 5 

4c#, -etl-ftiaM^tlT^-So fit, #'J y ya5 5 4 i^fC. 3M 

3_hfc, fll_hg|5?5>y KM 5 5 6nt 

[0 0 0 6] 

iSttM 5 3 ©a#f*n 2 li, IS 1 TgP^-v KM 5 2 tf)JB#r*n 1 «fc M 
<, % 1 ±SP? 9 >y KM 5 5 <7)Jg#f*n 3 J: *J =fej/J>^5 < ^otV^ (nl<n2< 
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i 1 — 275399 

n3) . #U V 4 (C £ 5 5 4 b £>Jg#r* n 5 it. SffiS 5 

2<DS#T^n 2 J:*J%*£<> bfrfe. U <y *;» 5 4 ©SS 2 5 y KM 5 4 

a©SSf*n4 J:y%*£<i&2±a5*9<y KJf 5 4 c ©JB#T * n 5 J:»J=fe/h3 
<&oT^£ (n2<n5, n4<n5<n6) „ 
[0 0 0 7] 

y y *;aJ5 4^tt, iiI5 4 brtlCSHCafe&flTaMft-tS. U >v S?«S 5 4 <D 
IH<BW#"Ctt, ffifi!5 3|*UC£C£ftl±, ffitti5 3 fliCEB bi£& e>ftTtgM 

[0 0 0 8] 

m 2K^i-J:3fc«m&¥#f*i'-tf*^***sftTv*s. 

iSf^l^-^GOfli, li6 1±L T»*5'i/K*6 2, M'[4M6 
3, ±8B?5yK*6 4. Jft?/^I6 5#. 3Uf StlT^S* 5 , 

6 2fc«fctf±»*5y K*6 4 ^-tl^ftl&SaftT, p "/a >y ? if 6 6 

[0 0 0 9] 

[0 0 10] 
[0 0 1 1 ] 
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iff i 1 — 275399 

[0 0 1 2] 

*J AMBT S £ V OS & & -5 = 
[0 0 13] 

HI 2K^*««&¥*#l'-tf** 6 OTftt, COD©»£#l*jLS*l&fc 

£ # T? # & V £ -?- *l # & 5 = 
[0014] 

h'-esu, fi«H«7i/>f j i s *ft 

[0 0 1 5] 

$ ?>tC, l 1-68242 ^^IClS^Sflfc^ttl'-'^^-*^ * 

^£##?sttiH*K:fcoTfcy, 3fcffl*tsfins<oc;oDU:is<*v*#» «^sa« 

fettle, U «*i^MtfW^T*&v^^ 

[0 0 1 6] 

•c, jBa«p« 5 Br«"e»y. i^** juHicfcfeoT££«icftjB-rs;ii:#-e 
-e *i * ftffl b t m*m^ & s ^ 1 ie * s . 
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$f 5p i 1—275399 

[0 0 17] 
[0 0 1 8] 

1f3SS 5 *i & ««© ^ - -tP^SSBP # r 1/ « fcfi« ^ 4x f- ^ - -9 s * ♦ 

macaw** j^k* ^ffittWii^asfc^ft^wtig^snTfiy, 

[0 0 19] 

[0 0 2 0] 

[0 0 2 1] 
[0 0 2 2] 

[0 0 2 3] 
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1 



iff 1 1—275399 



[0 0 2 4] 

[0 0 2 5] 
[0 0 2 6] 

tMB#A##«*©*iftM*^ A 1 G a A s [C J; -s> TfliEfccS 4tT V*-2>,, 
[0 0 2 7] 

[0 0 2 8] 

[0 0 2 9] 

[0 0 3 0] 

□ 

[0 0 3 1 ] 

[0 0 3 2] 
[«^CD^J6<Z)^^] 

[0 0 3 3] 
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* * * 

ijfsp 1 1 — 275399 

3 I/- If ^t-f- 1 0 li, nSG a A s (C <fc o T1S$£ 1 1 

£*bTV^ a U±. S^^fSJ^ffi^S 7 1 Mm, ipI#frTl'&#3 

[0 0 3 4] 

^ICfcfeot, MM I (Multi-mode interference:^-^ — K^8S)flK^ 1 0 a 
tt£>*lT^-S. tf~. MM I fl^c 1 0 a lCj3^^^#^tfiJ^)-^©f!l*^«^ ¥ 

o b#«tte>*lT£y, MMIIil 0 a<Dffi#aHH#Ktt, 
ffi ^ag 1 0 c#tgtftb*lTV>£,, 

[0 0 3 5] 

#0 . 5 n m<DG a A s tci o T*J«Sftfc^<y 77« (BaHtf) Sr^bT, 
H$tfl.5/t m<D I n 03 G a 0? A s 03g P 0-61 ^ ± o T«J$3 *l£TSP ? 9 
y KI 1 2 a jiCtlftlfSW ?"*it 6 'J . CKDTSB? KM 1 2 a±JC, B 
$0.5Mm(Z)In 0 _ 25 Ga 0-75 As 0>4 gP 0t51 tCioT«^34xfc#MMl 3 a 
, 1.5^m©In 0 _3Ga 0 _ 7 As 0 _ 3g P 0#61 tCJ:oT««S*lfc±»f 9v 

KM 1 4 a ^-etl-ftlSlM SIXTHS. 
[0 0 3 6] 

MMIfttl 0 aO«*tCiBflia*lfeffiA#«»1fi« 1 0 c fctt, 

811 0 e #fatte>*lTV*S. ffi**»$tS& 1 0 e (Cl±, MM IfiS 1 0 a ilB^C 
, i?$^0.5 W mCDAl 0-3 Ga 07 AsiCj:oT«^Stlfc^'V7rS (Ha* 
HLT. H3tfl.5AmfflIn 0i 3Ga 0 _ 7 As 0 _3gP 0il iaoti 

«sft£T*^5f ks 1 2 ctfmmtkmT°m-it>ftx&v. z.n-f&tJv k 

jgl 2 c±tc, JSS0.5iitm<OIn 0i25 Ga 0<75 As 0 _ 49 P 0>51 JCj:oT#*3 

*lfe#«*l 3 c, 1.5/imfflI n o.3 Ga 0.7 As 0.39 P 0.61 1:j:oti 

(£;**ifc_hg|5^<y KM 1 4 c -PtlSUi 3*1 T^5„ 
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1 1-275399 

[0 0 3 7] 

ffil 5 a#, MMIfl^l 0 afeJ:tfffl**a»l 0 c (Z)±B±* O <fc ? K 
[0 0 3 8] 

ffitfS 1 OMOOU-iffS^gP 1 0 d ^fg^^tlTVN^o #U-if28)£SS 1 OdB 
, MM I M^JcSP 1 0 a fcHfiftlC, J?$#0. 5 #m<Z)G a A s {Cj:oT«J*S*l 
fc/^y:7TJf (la^-tti*) Sr/hbT, . 5 a m(Z) I n Q>3 G a 0>7 A s 0>3g 

KM 1 2 b±&C. mZtfO .b ttmO) In 0>2 5 G a 0.75 A s 0.49 P 0.51^'^* 1 
3 b, ^Stf 1.5|um(DIn 0(3 G a 0.7 A s 0.39 P 0.61°°-^ ^ 9 %y KM 1 4 b 

[0 0 3 9] 

lOdll MM I W$ 1 0 a (Z)ifiM*ft*ifegP & £ LXB 
[0 0 4 0] 

i o d^Mw&nfeffi^^fc, s i o 2 Ktc<fcoT«aatifc*«)ii*»«# 
Mi 7^»we>*iTv^s 0 fit, #u-^»)tffl$i o d©±tBfe±tK#«»a 

#8§«{Wil 7<D_tffi0)£ttfC;fofcoT, MMIffi^Scl 0 a tCS2 tl fe/W 7 

*ie*if 1 5 a titm^^mm^&^xms^titc^mmiEnm 1 5 b ^fst-fo 

[0 0 4 1 ] 

Asi:<fcoT*«3nfc^i»Sfil l±tC *?\ J?S««0.5^m(Z)GaA 
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1 1—275399 

s©;t>y77l (H^-ttr-f) , H3^1.5^m©nSIn w Ga 0i7 As 0i3g P 
0 61 fflT»i'7 l vKIl 2 a, 12 b, 1 2 c, J?£#0 . 5 a* mtf) In 0>25 G a 

0 75 As 0.49 P 0.51 OT?Sttjgl 3 b^tf^® 1 3 a ^ 1 3 c ' *2#1.5 
A mCOpS I n Q 3 G a 0 _ ? A s 0 39 P 0 61 (D±gI5^5>y KM 1 4 a, 14 b, 1 

4c#, fftfftt«4Mafi«*S (MOCVD) tCfcoTJE&SUiStl*. 

-Mc, S^^IbJ^^SPICMM I ffiJge 1 0 a #7^3415 i: ilfetC, -f ft ft # M 

MI|«1 0 at-<*i:^ofei 0#©i/~»J'lfi3feasi 0 d itfffi Amftfti 

0 e #-eft-?ft7£j£;*ft5. 
[0 0 4 2] 

3t* 1 0 d©ISU 33<fct>\ Sfffl£&«*S&U-tf»3fcas 1 0 d©*MIlC, Si 

O 2 K$f»il#)i&*0i'8ft)S 1 7 #-?-ft-?ft?£jS£ft5. 
[0 0 4 3 ] 

6h, 1/ — »f 1 0 bfCfe»S«9(ffliEm«l 5 b £ 

©Bee, iEWWffij^WiDStiStfcfcK:, MMII8I 0 a £ ±t>'ffi*»Mi&fif 
1 0 c lC&tt"o*lfcAWy:*JBiEWffi 1 5 a }C&, IS&A-fr^fffi (ftSft 

«J±) WiUS ft*. 5 ai3J:tf3eWJBiE*«l 5 b 

T^iE«ffil 5 a fC Win S ft -5 ICt o T , «■ U— »f 28ftSP 1 0 d HfiW*3E 
[0 0 4 4] 

ZLWi-plC, SE«MiE««l 5 b*»&, T l/>f«0#U— 9*»3lfiSI$l 0 djem 
S^ttASftt, ^b-lfie^SP 1 0 d {CfcttSiStt* 1 3 b lCT3fc#-£*i-e*X 

[0 0 4 5 ] 

1 0 d ICTSB-Hrkftfeifcli. b - If 3§ ft SP 1 0 d <7)?S'ffiM 1 
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#ip 1 1 — 275399 

3 b fcfcJtbT. MMIIf 1 0 aftgMSJfl 2 a ft tC it A "T 3 „ # 
V-^fWHM 1 0 d GOiSffiJi 13bt, MM I M^c 1 0 a©i«I 1 2 a 

1 2 a#£lB»fcL-C«MBU #fStt*l 2 MCT38ite>*ifc3fctt. MM 
0 aW©#Jft»l 2 atCTJt^WKlie^Sti*. fit. MMIISl 
0 aftCD^^c® 1 2 affliHaSKlT*-^- K h & o fc U-if - ft t $ 4xT, ^« 

U2c &«oTffit*£*l6„ 
[0 0 4 6] 

- CD*§^r, MMIfSl 0 afej:tfm**a»l 0 blcRW&ftfeiEtil 5 

|1 2b £38 it 6*15^1*, MM I 10a Jf 12a fttCT© 

[0 0 4 7] 

ffi*^MS& 1 0 e fr&ffilf StlS U— »f3fcBU 1 0 e i E- F 

[0 0 4 8] 

i©<fce>}c, ^siflsb-iffH^ i o btcfctt-s i ul mi>a(n&\s--y$&ft3 1 o 

*i * £ fd J: »J , Mil 2bA^^ftlfftffi*$n5. «-U-if$8fttt 
lOdli, -etl-^ixOTMMtCig^^^t S i 0 2 M$gtf>iI«t>&»Sfmftji 1 7 {C 
&-DTmVtLtfW*g-£ftf-M&>&fr^UX S5ff- + - U-1f ( B H L/ — if) (C 
&oT;t3»J, Ufr*, if 18 ft SB 1 0 d CDfgttJf 1 2 b [±. Iltf 1 d mgS 
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.» 

iff ^ 1 1 — 275399 

[0 0 4 9] 

:i<Z) l/--tFii^- 1 0 T'li, B H U-if U-if ^ftSC 1 0 

(C, 03 (C^-r*^,tlIBSi:^ffi{C7S:oT^'J, # b-iffS^SP 1 0 d l±. -f > 

iffSJfcBPl 0 dcDSKRlc^D-smESrfFffif ^>3^{CJ;*J, # 1/ -if ISftgP 1 
0 &<D Aifi&tiSHtiS. #U--y»3tSf$l 0 dfCfctf^SStRtf) 

[0 0 5 0] 

I = V/Z (<a) - ( 1 ) 

AMK5:5 0fii:t5h, Z(co)tt, #c©(2)5£-ea*S4x*. 

[0 0 5 1] 

Z(co)= (50N + jcoL) (1+jaRC) +R - (2) 
(2) sSJCfcHT, a>0tftMift»T?S>*K MMSfcf SrMV^T, o> = 2 k f Tf« 

[0 0 5 2] 

S»£aM»A(f) tt, &<D (3) SCioT^^nS. 
[0 0 5 3] 
A(f)= | Z (0)/Z (2af) I - (3) 

1 om<D U-lf^ftSP 1 0 dA^l-te>*ifc*HJ6<C^ffiOO^*f*:b-if^^-l 
1 0 OfgWU-ifH^SP l 0 d SrKttfedfcJsWMi. H 1 £ mmv>M}&<D 

¥&foi/-^m*<nm&e>mnfc&m®t.z* 04 tc«**-ca*"*-. i©»^©H 
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1 1 — 275399 

[0 0 5 4] 

n H. #«S1;C# 1 5 0 p F, gSR^2. 5 Q) ©•^(BJSSaeaBHRS: 

*c v^aic, h i izB-t^m<omm<D^m»\y-if*^ 1 o <z> 1 / io 

[0 0 5 5] 

fcfc. gl 1 [C^t^ift U - W 1 0 (Z)f lffi?:IS b t I 5, 3 0 0 m 
[0 0 5 6] 

[0 0 5 7] 

U-1f|R^20&, nSGaAsC±ot> 0 9 6 /im, 3 0 a m 

[0 0 5 8] 

¥^f£S®2 1 (Z) S SIS JifCtt, ^ffcCDT U^(Z)U-1f^}¥; 
gP2 0 d £^t-S¥#ttU-1f««2 0 b £\ 1^ 2 5 0 m(C*)fe o XWttt b 
tlTfey. ^CD^#*^-if-fiR^c2 0 b{Cg|^LT, #U-^^gP2 0 d {C 

*n-e*ia«bfeti[as[0!)A**jft»2 o gs«t6A*»»»f«2 o f *\ * 

3 5 0 * mlC;bfcoTf8tt&4xT^S, -fLT, A 2 0 f (D{ffiJ* IC 
, #A#*S?&g&2 0 g^3*«-rSMMI1fi«2 0 a #\ 1^ 7 4 6 ^m{Ct)feo 
TKtt&tlTSU* MMI««2 0 a^ffi!l*tC, 2 0 c S3 

[0 0 5 9 ] 
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1 1-275399 

#1 /*mgg£>5o<Dl/--tf5iS) I 63l5 2 o d #a3 *HHI T Iz-ttfcfflH 

^fitv^s. &u $2 o d tea, ^2 i_tici8(-t!b;fifc^s#o. 5 

M mlZ)nSGaAs(Z);W7rI (Bartt-f) SStfl. OjiifflnSA 

1 Q 2 Ga y A s lCioT«*a*lfcT»i'5 V KM 2 2 #SfMS*iT »J , ' 
©TBP* 5 y KM 2 2 ±K, JS3#0. 1 2 m m<Z) A 1 0>og G a 0 _ g2 A s ©fStt 
123, JPStfl. 0 # m(Z) p §?A 1 a 0 .8 A s ^-tnP^ 7 ^ >y ^® 2 4 

[0 0 6 0] 

(prfclC b-ifSBftgP 2 0 d li, <6#|BtftfivE>a5#, MM I $f 2 0 a K 
[0 0 6 1] 

Mffi!I<7># ^--^ftS? 2 0 d ©W^tC. JP£ # 1 /it mggtf) p - A 1 0 3 G a 0 7 
A s TBP^a ^I2 7a, J££# 1 mil® n-Al^jG a 0.7 A s 

ny*M27b#, -tn^ftttMJRllTfRW 

[0 0 6 2] 

f 2 1 ±lC|gtt ?)tltMM I figt 2 0 a t li, ¥ittSfi2 1 

±{C, A l 0 _ 25 Ga 0 _ 75 AsT9P3tf>f KM2 9 a, ffStfO. 3MmgS?(7)Al 

0 20° a 0.80 A s ^ MJg2 9 b ' <« m<;DA 1 0.25° a 0.75 A s TSP ^^ 

KM2 9cj!)\ ^*i€4xl«#C«JI£ftT^£,, 

[0 0 6 3] 

iancaawe>*ifcA*#JS*««2 o f ici±, »f««2 o b^sou- 

-if#8ftgP2 Odt. MMIIS2 0 atS*nfWS^t5 5o©A**tft»2 
0 g#nve>tlX^&. #AA*»»2 0gli. MM I «^2 0 a tW«fC, ¥ 
*#|£«2 1±tC, Al 0 25 Ga 0J5 AsTMO*S2 9a 1 *S#0. 3 a 
mSK<OA 1 0>20 G a 0#go A s#«M2 9 b, 1 /*mtf)A 1 0 . 2 5 G a 0.75 

A s KM 2 9 cid', *;ft-eftJB&3IMSftT«jSa*iTV**. 
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[0 0 6 4] 

MMI1«2 0 a<0«^tcBBS3 4xfelfi**JS»1S«2 0 c{C{£, ¥##S4£ 
2 l±ifi©ctiJfe»tC, #A#2»?&{&2 0 8lC»oTffirJ { Sffi*»at»2 0 e#S2 
W^ftT^-So ffi^iM2 0ell MMIfi2 0ai:B«i:, 2 
1±(C A l 0#25 Ga 0<75 As(CJ:oT«l«SnfcTa5^ KJf2 9 a, 
0. 3 (imlSfflA 1 0 2Q G a 0-g0 A s \Z J: o T#fJ&3 *lfe*SM® 2 9 b, ff£ 
#1 ^mODA 1 0 25 Ga 0 _ 75 As»Cj:oT:«fi!tSftfeT»^ KJf 2 9 c Jft 

[0 0 6 5] 

A s (CioT#J*SttM s SM*i£S2 1±K, *"f. »l/-fl«2 0b?: 
^J^-TSfctttC, J¥S#0. 5mi0iilGaAsfflA77rI (Hartf-f) , 
mZ&l. 0 /iifflnSA 1 o 2 G a 0.8 A s ^TSP^ 5 >V Kf 22, J?3#0. 

1 2jnfflAl fl 08° a 0.92 A s ®^'f** 2 3 ' **** 1 • 0 " , ® pi?A 1 0.2 
Ga og A5ffl±»f5»yKl24fe. MlCfcfeottMtS. *<0«. Si 

i0 2 YX?±!C, 6 # m(DraPi5:$)W"Ctg2 n mOO^ISCCO 1/ 
[0 0 6 6] 

&^T% C F 4 ^6D'J7^f-f -f • - (RIE) ICkoT 

X. y ^ y if j&mZ ft & Z i U, ?S'[tS2 3 COifS^ 1 Mm@^h$tl-£. 0 
[0 0 6 7] 

ZKDJ^fcttJBlcfcSfc, *Jft#se<© fettle. J?atfUmiSfl)p-Al 0i 
3 Ga 0 ? A s CioTliaShferS^a*; 2*2 7 a, *3tf 1 dmgSWn 
-A 1 0 3 G a 0 7 A s fCj:oT«l*£ftfc±a5:/ny **2 7 b#, IHflC. 

1 5 £fJIE4# 2000-3091 1 14 



iff^P 1 1—275399 

s i o 2 K&E^fe»Rj«:RtcTfT-*>;ifcicj:y, s i o 2 Bi_t(cit«L&^ 

ICTl&SU MOCVDiCiot, p-GaAs^ft'^f 28S^!Ct)fc 
[0 0 6 8] 

fl«i£<Z>S i 0 2 -?X?(Dmf&£mmzLX. *i#l/-fffl«2 0b 
?:I^Si0 2 ?X?5:MU lMft*©x >y -y > K ICt. A*i«»1fi* 2 
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